Curcumin is a bright yellow compound found in Curcuma longa L., a member of the family Zingiberaceae. In the present study, we determined whether curcumin protects against oxidative stress in liver and brain in mice fed excessive alcohol. BALB/c mice were administered 20% alcohol (16 g/kg body weight) with or without curcumin (0.016% in diet) for 12 weeks. The concentrations of phosphatidylcholine hydroperoxide (PC-OOH) in liver and brain samples were determined using chemiluminescence highperformance liquid chromatography. Mice treated with ethanol and curcumin significantly ( < 0.05) showed a lower hepatic PC-OOH level compared to mice treated with only ethanol. However, there was no significant difference in the brain PC-OOH level among all mice. Our finding indicates that the dosage of alcohol might increase the lipid peroxide level of liver but not of brain, and daily curcumin consumption might be protective for liver against alcohol-related oxidative stress in mice.
Introduction
The generation of reactive oxygen species (ROS) by alcohol consumption increases oxidative stress in the body [1] . Excessive alcohol consumption causes various diseases such as alcoholic fatty liver, hepatitis, and cirrhosis [2] . Furthermore, chronic exposure to alcohol-induced oxidative stress may promote carcinogenesis of liver tissue leading to cancer [1, 3] . In addition, dementia is an another major alcohol-related syndrome [4] . Although the mechanisms underlying alcoholrelated brain disease and Alzheimer' disease are different, the affected part of the brain and the associated symptoms are similar [5, 6] . Oxidative damage is an early feature of Alzheimer' disease in mild cognitive impairment brains [7] . It might be possible that the oxidative stress might also affect an alcohol-related brain disease.
Lipid peroxide in tissues has been used as a tool for impaired function of tissue or cell biomembrane [8] [9] [10] . Particulary, phosphatidylcholine (PC) is a major constituent of cell membranes, and the form of its hydroperoxide, phosphatidylcholine hydroperoxide (PC-OOH), provides a very sensitive and specific marker for oxidative stress in in vivo studies [11] [12] [13] . For example, the method for measuring PC-OOH level in animal tissue has been developed by using chemiluminescence analyzer-high-performance liquid chromatography (CL-HPLC) system and that has proven useful in many studies ( Figure 1 ) [11] . Indeed, PC-OOH level in plasma or hepatic has been suggested to be available for a hepatic damage indicator [12] . Furthermore, Adachi et al. [13] found that alcohol consumption increases a plasma PC-OOH level, which might be also considered as a marker of oxidative stress caused by alcohol consumption.
Turmeric (Curcuma longa L.) is a popular spice in India, and curcumin is bright yellow pigment found in turmeric. It is a member of the family Zingiberaceae and has been used as a folk remedy in some cultures. The positive effects of purified curcuminoid on human diseases have been studied, including cancer [14] , inflammatory [15] , and Alzheimer's disease [16, 17] . For example, in vitro studies indicate that curcumin protects cells and tissues against oxidative stress by inhibiting generation of ROS [18] [19] [20] . In particular, Thong-Ngam et al. [21] reported that curcumin consumption protects liver against alcohol-induced oxidative stress through inhibition of NF-B activation. However, no information is available for the effect of dietary curcumin on alcohol-related PC-OOH level as oxidative stress maker in the liver and brain in mice.
Therefore, the present study was aimed to investigate the effect of curcumin on alcohol-induced oxidative stress by measuring PC-OOH level in liver and brain of mice. Additionally, we studied the effect of curcumin on alcoholaltered lipid composition in liver and brain.
Materials and Methods

2.
1. Animals and Diet. 8-week-old male BALB/c mice were purchased from Central Lab Animal Inc. (Seoul, Korea). All mice were daily fed a 4.5 g of AIN-93G modified diet [22] (in g/kg): 239 casein, 185 corn starch, 60 sucrose, 158 dextrose, 60 cellulose, 30 soybean oil, 207 lard, 42 mineral mixture, 12 vitamin mixture, 4 L-cystine, 3 choline bitartrate, and 0.14 tert-butyl hydroquinone. The diet composition was designed by the previous research [21, 23] . The mice were randomly divided into 3 groups ( = 5) as follows. ALC group was orally administered 20% ethanol daily, CUR group was orally fed a 0.016% curcumin (Sigma-Aldrich, Saint Louis, MO, USA) in diet after administering 20% ethanol [24, 25] , and CON group was administered a volume of saline (0.85% sodium chloride) as equal to that of the alcohol administered to the other 2 groups. The dose of administered alcohol was 16 g/kg body weight to induce alcoholic diseases for 12 weeks, which was based on a long-term consumption as previous studies [26] . Mice were kept in house maintained a 12 h light/12 h dark cycle with 60% humidity and 25 ∘ C. After 12 weeks, the mice were anesthetized by intraperitoneal injection of Zoletil (Zoletil 50, Virbac, Carros, France), blood was collected from the abdominal aorta, and livers and brains were quickly removed and weighed before freezing for storage at −80 ∘ C.
Total Lipids, Triglyceride, and Cholesterol.
Total lipid in the liver or brain was extracted by a modified method of Folch et al. [27] . First, 300-400 mg of tissue sample was homogenized with 2 mL of saline using a Teflon-glass overhead stirrer, and the homogenate was transferred to a conical tube. Next, 4 mL of chloroform-methanol solution (2 : 1, v/v) containing 0.002% butylated hydroxytoluene was added, and the solution was mixed vigorously using a vortex mixer for 1 min, and then centrifuged at 3000 ×g for 10 min. The lower layer was collected and transferred to another conical tube. The extraction process was repeated 3 times, and the lipid content was then determined gravimetrically after completely evaporating the chloroform with a stream of nitrogen gas.
The extract was mixed with 2 mL of chloroform containing 2% triton X-100, and the organic phase was evaporated with stream of nitrogen gas, and the residue was diluted with 2 mL of distilled water. This solution was used for triglyceride (TG) and total cholesterol (TC) using commercial assay kit (Asan Pharmaceutical Co. Ltd., Seoul, Korea).
PC-OOH Standard.
A photoirradiation method was used to synthesize a standard solution of PC-OOH for CL-HPLC analysis ( Figure 2 ). Phosphatidylcholine (PC, from bovine heart, Sigma-Aldrich) was dissolved in methanol containing 0.01 mM methylene blue. The solution was exposed to a UV lamp (50 W) for 8 hr. Oxidant was cleaned up by using Supelclean LC-Si SPE tube (Supelco, Bellefonte, PA, USA) to remove methylene blue. The amount of peroxide in the standard solution was determined by method of the American Oil Chemist's Society [28] . As a result, the hydroperoxide concentration of the photooxidized PC was 19.1 mol hydroperoxide-O 2 per g of PC.
Assay of PC-OOH.
The PC-OOH level of total lipid extracts in a chloroform-methanol (2 : 1, v/v) solution was measured by using a CL-HPLC system [11] . The analytical system conditions were as follows: a Zorbax NH 2 (4.6 × 250 mm, 5 m, Agilent Technologies, Wilmington, DE, USA) column was used for separation. The mobile phase consisted of 2-propanol-methanol-water (135 : 45 : 20, v/v/v), and the flow rate was 1 mL/min. The chemiluminescence analyzer (CLD-1100, Tohoku Electronic Industrial Co., Sendai, Japan) reaction temperature was 40 ∘ C, and the luminescence reagent was prepared by dissolving 10 mg/L of cytochrome c (from bovine heart, Sigma-Aldrich) and 2 mg/L of luminol (for chemiluminescence analysis, Wako pure chemical, Osaka, Japan) in 50 mM borate buffer (pH 10.0). This reagent was inserted into the sample chamber of the chemiluminescence analyzer by using a peristaltic pump at a flow rate of 1.0 mL/min [11, 13] . To calculate the recovery rate of this procedure, 3 different concentrations of the standard were produced as described above, and the peak areas of the prepreparative solution and postpreparative solutions were compared. The calculated recovery rate was 94.4% ± 4.7% (mean ± standard deviation) (SD)). 
Statistical Analysis.
All data are presented as mean ± SD values. Differences between the groups were calculated using Duncan's multiple range test (P < 0.05). All statistical analyses were performed using the Statistical Analysis Software (Statistics Analytical System Institute, Cary, NC, USA).
Results and Discussion
Body and Organ Weights.
The body weights of ALC and CUR mice were significantly (P < 0.05) higher than those of CON mice (Table 1 ). This finding may be attributable to the effect of the extra calories contributed by excess ethanol consumption [29] . A similar pattern was observed for the spleen. We assume that reduced functioning of the liver caused by alcohol-related oxidative stress induced enlargement of the spleen [30] . Interestingly, the mean spleen weight of the CUR group was lower than that of the ALC group, but the difference was not significant. The kidney and brain weights of the alcohol-treated groups (ALC and CUR) were significantly (P < 0.05) lower than those of the CON group, suggesting that excessive alcohol consumption may affect the kidney and brain weights. However, the liver weights among all groups were not significantly different.
Lipid Content of the Liver and Brain.
The total lipid contents of the livers and brains of the three groups of mice are shown in Table 2 . It was shown that hepatic total lipid and TG levels in the ALC group were significantly (P < 0.05) higher than the CON group. These results suggest that an alcohol-treated mouse develops fatty liver due to excessive alcohol consumption [31] . Although the lipid content of the livers of both ethanol-treated groups was high, the content in the CUR group was slightly lower than that of the ALC group, suggesting that steady consumption of curcumin inhibits the development of fatty liver to some extent. The most remarkable findings were that the hepatic TG and TC levels in the CUR group were significantly (P < 0.05) lower than those of the ALC group. This result suggests that daily consumption of even a small amount of curcumin may inhibit the development of alcohol-induced fatty liver and regulate hepatic cholesterol content. However, further investigation of these effects is required. No significant differences were observed between the brain lipid content (P < 0.05) of each group All values are means ± SD. a-b indicates significant differences between values in the same row ( < 0.05). CON: high-fat diet; ALC: high-fat diet and alcohol treated; CUR: curcumin containing high-fat diet and alcohol treated. a-c indicates significant differences between values in the same row ( < 0.05). CON: high-fat diet; ALC: high-fat diet and alcohol treated; CUR: curcumin containing high-fat diet and alcohol treated. All values are means ± SD. * was calculated by total lipid, which was extracted with triglyceride and total cholesterol concentrations. a-c indicates significant differences between values in the same row ( < 0.05). CON: high-fat diet; ALC: high-fat diet and alcohol treated; CUR: curcumin containing high-fat diet and alcohol treated.
( Figure 3 ). It was thought that dietary 20% ethanol during 12 weeks did not affect the brain lipid contents in this study.
PC-OOH Content of the Liver and Brain.
The hepatic PC-OOH content per total lipids did not differ between each group (data not shown). However, the content in the ALC group was significantly (P < 0.05) higher than in the CON and CUR groups, when the data were expressed by the modified lipid concentration, which was extracted by hepatic TG and TC concentrations from the total lipid (Table 3) , because those lipids are not concerned with the oxidation of phospholipids. This finding may be attributable to liver damage induced by alcohol-related oxidative stress [2] . The decreased hepatic PC-OOH level in the CUR group indicates that curcumin consumption effectively protected the liver against alcohol-related oxidative stress.
Several in vitro data indicate that curcumin has antioxidant, antiinflammatory, and anti-amyloid activities [17] [18] [19] [20] . Furthermore, studies in animal models of Alzheimer's disease reviewed a direct effect of curcumin in decreasing the amyloid pathology of Alzheimer's disease [17] . However, the brain PC-OOH concentration did not significantly differ among all, suggesting that the dosage of alcohol could not increase a lipid peroxide level in brain and the reduced brain weight was not attributable to cell destruction caused by alcohol consumption. The differential effects of alcohol on the liver and brain PC-OOH levels might be the different mechanism of alcohol-related liver or brain disease because brain is affected in the final phase of alcohol-related disease while liver is affected in the primary phase [32] . Furthermore, brain damage by excessive alcohol consumption is linked to various conditions, such as alcohol-related liver diseases and thiamine deficiency. The mechanisms have not yet been clearly elucidated [32] . Therefore, further studies will be required to determine the effects of long-term treatment and behavioral tasks to better define the protective effect of curcumin on alcohol-related brain disease.
Conclusion
In this study, we demonstrated the effects of curcumin on alcohol-induced oxidative stress in liver but not in brain in mice treated with 20% ethanol. After 12 weeks, the hepatic PC-OOH level in the ALC group was observed to be higher than in the CON and ALC groups. This finding suggests that daily curcumin consumption is effective in protecting the liver against alcohol-related oxidative stress and indicates the possible role of hepatic lipid composition in altering the effect of excessive alcohol consumption. Therefore, further study is required for a detailed lipid mechanism of curcumin in mice fed an alcohol. In contrast, no significant difference was observed in the PC-OOH concentration among all groups. Therefore, additional studies may be required to investigate the effects of curcumin on the brains of alcohol-treated mice.
